In this paper we propose a new form of Padé-II equation, namely, a combined Padé-II and modified Padé-II equation. The mapping method is a promising method to solve nonlinear evaluation equations. Therefore, we apply it, to solve the combined Padé-II and modified Padé-II equation. Exact travelling wave solutions are obtained and expressed in terms of hyperbolic functions, trigonometric functions, rational functions, and elliptic functions.
Introduction
In recent years, directly searching for exact solutions of nonlinear partial differential equations (PDEs) has become more and more attractive field in different branches of physics and applied mathematics. These equations appear in condensed matter, solid state physics, fluid mechanics, chemical kinetics, plasma physics, nonlinear optics, propagation of fluxions in Josephson junctions, theory of turbulence, ocean dynamics, biophysics star formation, and many others.
In order to get exact solutions directly, many powerful methods have been introduced such as the ( / )-expansion method [1] , inverse scattering method [2, 3] , Hirota's bilinear method [4, 5] , the tanh method [6, 7] , the sine-cosine method [8, 9] , Bäcklund transformation method [10, 11] , the homogeneous balance [12, 13] , Darboux transformation [14] , and the Jacobi elliptic function expansion method [15] .
Recently, Peng [16] introduced a new approach, namely, the mapping method for a reliable treatment of the nonlinear wave equations. The useful mapping method is then widely used by many authors [17, 18] .
Description of the Method
Consider the general nonlinear partial differential equations (PDEs); say, in two variables, ( , , , , , . . .) = 0.
Let ( , ) = ( ), = ( − ); then (1) reduces to a nonlinear ordinary differential equation (ODE) ( , , , . . .) = 0.
Assume the solution of (2) takes the form
where the coefficients ( = 0, 1, 2, . . . , ), , and are constants to be determined, and = ( ) satisfies a nonlinear ordinary differential equation
where the coefficients 0 , , ( = 1, 2, . . . ), , and are constants to be determined and = ( ) satisfies (4) ; the parameter will be found by balancing the highest-order nonlinear terms with the highest-order partial derivative term in the given equation. Substituting (3) into (2), using (4) repeatedly and setting the coefficients of the each order of ( ), ( )√ 2 ( ) + (1/2) 4 ( ) + to zero, we obtain a set of nonlinear algebraic equations for 0 , , ( = 1, 2, . . . ), , and . With the aid of the computer program Maple, we can solve the set of nonlinear algebraic equations (10) ( ) = nc , = 2 
Application
In this section, we present our proposed equation, namely, a combined Padé-II and modified Padé-II equation, as the form
where ( ) = ( , )+ 2 ( , ), , and are real numbers [19] . Now, we apply the mapping method to solve our equation. Consequently we get the original solutions for our new equation, as the follows.
Substituting ( , ) = ( ), = ( − ) in (5) and integrating once yield
Balancing the order of the nonlinear term 3 with the highest derivative gives 3 = + 2 that gives = 1. Thus, the solution of (6) has the form
where
Substituting (7) in (6) and using (8) , collecting the coefficients of each power of , 0 ≤ ≤ 6, setting each coefficient to zero, and solving the resulting system, we obtain the following sets of solutions:
0 = −1/2, 1 = 0, 1 = −√− /2 , = 5/6, = ±√1/(12 − 10 ), 
Using (7), the solution of (8) when = 1, = −2, and = 0, and the sets of solutions (1)- (10), we get
for > (5/6)
for < (5/6)
Using (7), the solution of (8) when = −2, = 2, and = 1, and the sets of solutions (3)- (10), we get for < (5/6)
For > (5/6)
Using (7), the solution of (8) when = 8, = 32, and = 1, and the sets of solutions (3)- (10), we get, Using (7), the solution of (8) when = −8, = 32, and = 1, and the sets of solutions (3)- (10), we get, [ 7, 8 ( , ), 9,10 ( , ), . . . , 21,22 ( , )].
Using (7), the solution of (8) when = −( 2 + 1), = 2 2 , and = 1, and the sets of solutions (3)- (10), we get 
Using (7), the solution of (8) when = −( 2 + 1), = 2 2 , and = 1, and the sets of solutions (3)- (10) (3)- (10) .
Note that, when → 1 we obtain constant solutions, when → 0 we obtain, [ 3,4 ( , ) and 5,6 ( , )].
Using (7), the solution of (8) when = −( 2 + 1), = 2, and = 2 , and the sets of solutions (3)- (10), we get 43,44,...,50 ( , ) = 0 + 1 ns + 1 sn , where 0 , 1 , and 1 are defined in the sets of solutions (3)- (10) .
Note that, when Using (7), the solution of (8) when = −( 2 + 1), = 2, and = 2 , and the sets of solutions (3)- (10), we get 51,52,...,57 ( , ) = 0 + 1 dc + 1 cd , where 0 , 1 , and 1 are defined in the sets of solutions (3)- (10) .
Note that, when → 1, we obtain constant solution, and when → 0, we obtain [ 3,4 ( , ) and 5,6 ( , )].
Using (7), the solution of (8) when = 2 2 − 1, = −2 2 , and = 1 − 2 , and the sets of solutions (3)- (10), we get 58,59,...,65 ( , ) = 0 + 1 cn + 1 nc , where 0 , 1 , and 1 are defined in the sets of solutions (3)- (10) .
Note that, when → 1, we obtain [ 3,4 ( , ) and 5,6 ( , )], when → 0, we obtain [ 3,4 ( , ) and 5,6 ( , )]. Using (7), the solution of (8) 
2 ), and = − 2 , and the sets of solutions (3)- (10), we get 66,67,...,73 ( , ) = 0 + 1 nc + 1 cn , where 0 , 1 , and 1 are defined in the sets of solutions (3)- (10) .
Note that, when → 1, we obtain [ 3,4 ( , ) and 5,6 ( , )], and when → 0, we obtain [ 3,4 ( , ) and
Using (7), the solution of (8) when = 2 − 2 , = −2, and = −(1 − 2 ), and the sets of solutions (3)- (10), we get 74,75,...,81 ( , ) = 0 + 1 dn + 1 nd , where 0 , 1 , and 1 are defined in the sets of solutions (3)- (10) .
Note that, when → 1, we obtain [ 3,4 ( , ) and 5,6 ( , )], and when → 0, we obtain constant solutions. Using (7), the solution of (8) when = 2 − 2 , = 2( 2 − 1), and = −1, and the sets of solutions (3)- (10), we get 82,83,...,89 ( , ) = 0 + 1 nd + 1 dn , where 0 , 1 , and 1 are defined in the sets of solutions (3)- (10).
Note that, when → 1, we obtain [ 3,4 ( , ) and 5,6 ( , )], and when → 0, we obtain constant solutions. Using (7), the solution of (8) when = 2 − 2 , = 2, and = 1 − 2 , and the sets of solutions (3)- (10) Using (7), the solution of (8) when
2 ), and = 1, and the sets of solutions (3)- (10), we get 98,99,...,105 ( , ) = 0 + 1 sc + 1 cs , where 0 , 1 , and 1 are defined in the sets of solutions (3)- (10) .
Note that, when → 1, we obtain [ 31,32 ( , ) and
Using (7), the solution of (8), when = −1 + 2 2 , = 2,
, and the sets of solutions (3)- (10), we get 106,107,...,113 ( , ) = 0 + 1 ds + 1 sd , where 0 , 1 , and 1 are defined in the sets of solutions (3)- (10) .
Note that, when → 1, we obtain [ 31,32 ( , ) and 33,34 ( , )], and when → 0, we obtain also [ 31,32 ( , ) and 33,34 ( , )].
Using (7), the solution of (8), when = −1 + 2 2 , = 2 2 ( 2 − 1), and = 1, and the sets of solutions (3)- (10), we get 114,115,...,121 ( , ) = 0 + 1 sd + 1 ds , where 0 , 1 , and 1 are defined in the sets of solutions (3)- (10) .
Note that, when → 1, we obtain [ 31,32 ( , ) and 33,34 ( , )], and when → 0, we obtain also [ 31,32 ( , ) and 33,34 ( , )]. Using (7), the solution of (8) when = (1+ 2 )/2, = (1− 2 )/2, and = (1− 2 )/4, and the sets of solutions (3)- (10), we get 122,123,...,129 ( , ) = 0 + 1 (sc ± nc ) + 1 (1/(sc ± nc )), where 0 , 1 , and 1 are defined in the sets of solutions (3)- (10) .
Note that, when → 1, we obtain constant solutions, and when → 0, we obtain 
For < (5/6) 
Using (7), the solution of (8) when = ( 2 − 2)/2, = 2 /2, and = 1/4, and the sets of solutions (3)-(10), we get 170,171,...,177 ( , ) = 0 + 1 (sn /(1 ± dn )) + 1 ((1 ± dn )/sn ), where 0 , 1 , and 1 are defined in the sets of solutions (3)- (10) .
Note that, when → 1, we obtain for < (5/6) 
When → 0, we obtain [ 31,32 ( , ) and 33,34 ( , )].
Using (7), the solution of (8) when = ( 2 + 1)/2, = ( 2 − 1)/2, and = (1 − 2 )/4, and the sets of solutions (3)- (10), we get 206,207,...,213 ( , ) = 0 + 1 (dn /(1 ± sn )) + 1 ((1 ± sn )/dn ), where 0 , 1 , and 1 are defined in the sets of solutions (3)- (10) .
Note that, when → 1, we obtain constant solutions, and when → 0, we obtain constant solutions.
Using (7), the solution of (8) 
cos ( 
Using (7), the solution of (8) when = (1 − 2 2 )/2, = 1/2, and = 2 /4, and the sets of solutions (3)- (10), we get
, where 0 , 1 , and 1 are defined in the sets of solutions (3)- (10) .
Note that, when
132,133 ( , ), . . . , 168,169 ( , )], and when → 0, we obtain constant solutions.
Using (7), the solution of (8) when = ( 2 − 2)/2, = 2 /2, and = 2 /4, and the sets of solutions (3)- (10), we get 270,271,...,277 ( , ) = 0 + 1 ( sn ± cn ) + 1 (1/( sn ± cn )), where 0 , 1 , and 1 are defined in the sets of solutions (3)- (10) .
Note that, when → 1, we obtain [ 130,131 ( , ), 132,133 ( , ), . . . , 168,169 ( , )], and when → 0, we obtain constant solutions. Using (7), the solution of (8) when = ( 2 − 2)/2, = 1/2, and = 4 /4, and the sets of solutions (3)- (10), we get 278,279,...,285 ( , ) = 0 + 1 (ns ± ds ) + 1 (1/(ns ± ds )), where 0 , 1 , and 1 are defined in the sets of solutions (3)- (10) .
Note that, when → 1, we obtain 
Using (7), the solution of (8) when = (1 − 2 2 )/2, = 1/2, and = 1/4, and the sets of solutions (3) Using (7), the solution of (8) when = (1 − 2 2 )/2, = 1/2, and = 1/4, and the sets of solutions (3)- (10), we get 334,335,...,341 ( , ) = 0 + 1 (cn /( √ 1 − 2 sn ± dn )) + 1 (( √ 1 − 2 sn ± dn )/cn ), where 0 , 1 , and 1 are defined in the sets of solutions (3)- (10) .
Note that, when → 1 we obtain constant solutions, when → 0 we obtain [ 230,231 ( , ), 232,233 ( , ), . . .,
cosh ( 
Using (7), the solution of (8) when = ( 2 − 2)/2, = 2 /2, and = 1/4, and the sets of solutions (3)-(10), we get 398,399,...,405 ( , ) = 0 + 1 (cn /( √ 1 − 2 ± dn )) +
Conclusion
In this paper, the mapping method has been successfully implemented to find new traveling wave solutions for our new proposed equation, namely, a combined Padé-II and modified Padé-II equation. The results show that this method is a powerful mathematical tool for obtaining exact solutions for our equation. It is also a promising method to solve other nonlinear partial differential equations.
